Using a pliimid containing the bacterial ch1oramphenico1 acetyl tramferue gene, we have assayed for transient expression of DNA introduced into mouse L cells by a variety of transfection conditions. High efficiency uptake and expression of this foreign DNA have been achieved by modifying the DEAE dextran mediated transfection procedure of McCutchan and Pagano (1) to include a shock with either dimethyl sulfoxide or glycerol. Inclusion of the shock step can increase expression of the transfected gene a surprising ~S0 fold. With plasmid constructs that do not replicate after transfection, we can readily detect CAT activity in an overnight autoradiographic exposure from less than CIS of an extract from a 60 mm dish of transfected cells.
In order to analyze transfections of the CAT gene quantitatively, it is essential to verify that the CAT assay faithfully reflects the amount of enzyme present. The CAT assay involves the enzymatic conversion of Clabelled chloramphenicol to mono-and di-acetylated forms using acetyl CoA as the acetyl donor. The acetylated products are readily separable from the unreacted species by chromatography on silica gel thin layer chromatography plates (11) .
As shown in Figure 1A and confirmed in Figure ID by scintillation counting of the excised product spots, our standard CAT assay is indeed linear over one hundred fold range in enzyme activity (from 3x10 to 3x10 units of commercial [PL Biochemicals] enzyme in a 150 ul reaction volume). Moreover, since C-chloramphenicol, the substrate of the CAT assay, is quite expensive, we have found it advantageous to minimize the chloramphenicol content of each assay.
As shown in Figure IB , the chloranphenicol can be reduced by as much as five fold from the standard 70 uM (i.e., 0.5 uCi/react Ion; 11) without detectable loss of sensitivity. Further, as shown in Figure 1C , the sensitivity of the CAT assay can be significantly increased by simply extending the reaction time from the usual 30 minutes (11).
With the parameters of the CAT assay thus defined, we have attampted to maximize expression of transfecting DNA following DEAE-dextran mediated DNA transfer into uouse L cells. In Figure 2 Consistant with previous reports (12), cell damage becones visible after 12 hours exposure to 500 ug/ml DEAE-dextran.
(parts C,D,G,H) were not.
In agreement with previous reports (10,12) for cells transfected in the absence of a shock, overall levels of expression increase monotonical ly between 4 anil 20 hours of exposure of the cells to the DNA and DEAE-dextran. This is true both at 200 ug/ml (Fig. 2C,G) and 500 ug/ml (Fig. 2D,H ) DEAE-dextran concentrations and at 8 ug/ml (Fig. 2C,D) and 2 ug/ml (Fig. 2G,E Figure 3 . Dependence of CAT expression on length of diaethyl snlfoxide shook and on tine of cell harvesting after transfection. A) Aliquots of extract from l/100th of a 60 mm diih of cells were assayed following transfections with pSV2-CAT/DEAE-dextran. These transfectiong utilized a 10% dimethyl sulfoxide shock varying in length from 2 minutes to 30 minutes. B) Using our standard transfection conditions and a 2 minute dimethyl sulfoxide shock, total CAT activity was determined at the indicated times post-trans feet ion.
transfecting DNA; hence the autoradiograph in Fig. 2E -H has been exposed four times lonjer than that of Fig. 2A-D. Remarkably, although the level of CAT expression varies greatly according to the transfection conditions, in all cases addition of a DMSO shock markedly increases the expression level relative to the parallel unshocked cells. Specifically, stimulation of expression by a shock treatment occurs upon transfection at low ( Fig. 2A,E) and high (Fig. 2B,F) concentrations of DEAE-dextran, at low (Fig. 2E,F) and high ( Fig. 2A,B) concentrations of transfecting DNA and at all times of DEAE-dextran treatment. [Compare the left and the right halves of Fig. 2 .] The aaximal expression is obtained with 8-20 hours exposure to 200 ug/ml DEAE-dextran and 8 ug/ml DNA, followed by DMSO shock treatment.
We also examined the dependence of the level of expression on the length of time that the DEAE-dextran transfected cells are exposed to the DMSO shock. There is a broad optimum, with comparable high levels of expression obtained with between 2 and 30 minutes in DMSO ( Figure 3A ). This represents a somewhat shorter time of shock than has previously been determined to be optimal for DMSO shock using the calcium phosphate transfection protocol (7). Not surprisingly, the level of CAT expression also depends on the tine interval between the DNA/DEAE-dextran treatment and cell harvesting, increasing over a three day period post-transfection ( Figure 3B ). Finally, a comparison of the overall level of expression of DNA transfected by the DEAE-dextran and the calcium phosphate methods in the presence and absence of a shock treatment is shown in Figure 5 . Using DEAEdextran, expression of the transfecting gene is enhanced to the same extent -about 50 fold -by the use of either a 10% DMSO or a 154 glycerol shock. In our hands, these shocked, DEAE-dextran transfected cells (Fig. 5, lanes  1, 3 and 4) reproducibly exhibit a 5 to 10 fold higher level of expression than do cells that are transfected in the presence of calcium phosphate and subjected to a glycerol shock treatment (Fig. 5, lanes 6 and 7) . Indeed, using pSVO-CAT, a CAT gene construct containing no eukaryotic gene promoter sequences (11), we can easily detect CAT activity in extracts from l/100th 
